The sensitivity of the position resolution of the gamma-ray tracking array GRETINA to the hole chargecarrier mobility parameter is investigated. The χ 2 results from a fit of averaged signal ("superpulse") data exhibit a shallow minimum for hole mobilities 15% lower than the currently adopted values. Calibration data on position resolution is analyzed, together with simulations that isolate the hole mobility dependence of signal decomposition from other effects such as electronics cross-talk. The results effectively exclude hole mobility as a dominant parameter for improving the position resolution for reconstruction of gamma-ray interaction points in GRETINA.
Introduction
The high-resolution gamma-detection arrays of the previous generation used individual hyperpure germanium (HPGe) crystals that were housed in scintillator envelopes for Compton suppression.
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While necessary to provide good peak-to-total, this arrangement limited the HPGe solid angle coverage of the array to < 50% and, consequently, the overall photo-peak efficiency for the instrument. The next-generation devices advancing current frontiers 10 of nuclear spectroscopy are eliminating the lowresolution scintillator envelopes entirely and consist of a 4π HPGe shell. The individual crystals have electrically segmented outer contacts which can be used to reconstruct gamma-ray interaction points 15 with σ ∼ 2mm RMS resolution [1] , [2] . This position sensitivity is necessary to allow gamma-ray tracking through the HPGe volume, which enables the iden- * Corresponding author. is the first stage of a planned full 4π Gamma Ray Energy Tracking Array (GRETA) [3] in the US, with a similar device AGATA [4] being constructed in Europe. 25 The geometry and operating principles of the GRETINA detector modules have been described in earlier publications [1, 5, 6] . Left and right panels shows the inferred interaction points for simulated (left) and experimental data, determined from the signal decomposition algorithm (right) for 137 Cs source, respectively, and restricted to the first 2cm of depth for both the simulation and experiment. and azimuthal angle [7] . In practice, while signal traces from all segments are collected, the signal parameters, such as the electric field, the weighting potentials for each segment (which define the degree of coupling of a charge at a given position to a given electrode [8] , and is used in calculating the induced signal through the Shockley-Ramo theorem [9, 10] ), GRETINA, the 1π array consisting of 28 hexagonal crystals arranged in 7 quad cryostats, has 75 been commissioned and has met its performance goal with first hit position resolution (σ = 2mm RMS) [11] . Challenges still remain, however, in the unambiguous reconstruction of interaction points.
This issue is best illustrated by comparing simu- This work explores the sensitivity to charge trans-100 port parameters, in particular hole mobilities, in the signal decomposition algorithm for GRETINA.
Pulse shape calculations
Drift velocity is a critical parameter in the charge collection and signal generation process in semi-105 conductor materials. Drift velocity anisotropy can cause considerable differences in pulse shape rise time depending on the spatial position of the charge carrier creation. Experimentally, the dependence of pulse shapes on the electron drift velocity 110 anisotropy in closed-end HPGe detectors has been clearly established [14] , as well as its influence on tracking algorithms [15] . Anisotropy in the drift velocity for holes is also a major concern when dealing with semi-conducting devices operating at high-115 electric fields, where deviation from low-field ohmic behavior is observed [16] .
To study how variations in hole mobility affect signal decomposition and, hence position resolution, calculations of the pulse shape, or elec- 
Raw basis
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To extract position information, the experimentally measured pulse shapes are compared to a set of pulse shapes, termed a basis, which are calculated on a grid of points spanning the detector volume.
The calculation of a basis is performed by using a 
The charge carrier mobility µ is not only a function of the temperature (T) and electric field (E) 165 but also depends on the angle between the drift direction and the crystal orientation (ε) and the angle between the electric field and the crystal orientation (ϑ). The detailed parameters are discussed in section 2.2. In this calculation, the electric field is . The full set of these calculations forms a raw basis which is subsequently corrected for electronic effects as described in Section 3.1. the literature. This is due to the complex nature of the valence band in germanium [27, 28] . While an exact determination of hole mobility parameters is outside the realm of the present work, an alternate approach to optimize these parameters for a
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GRETINA detector is presented here.
Current Approach
The superpulse method
The averaged signals for each crystal electrode, 36 segments and one core, can be concatenated and than the currently adopted values, in 5% steps, and raw bases were created for each step in this range ( Figure 3 shows the adopted hole mobility curves currently used in GRETINA, and those used for 
Experimental pencil beam studies
Simulations of pencil beams
To ensure that the above observations from the experimental pencil beam for varying hole mobilities are inherent in the data, and are not artifacts 345 of the analysis procedure itself, the same position reconstruction algorithm was tested on a simulated pencil beam data set, which is free from the electronic effects observed in data. 
